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TAU Performance System

%

* Tuning and Analysis Utilities (18+ year project)
* Comprehensive performance profiling and tracing
— Integrated, scalable, flexible, portable
— Targets all parallel programming/execution paradigms
* Integrated performance toolkit
— Instrumentation, measurement, analysis, visualization
— Widely-ported performance profiling / tracing system
— Performance data management and data mining
— Open source (BSD-style license)

* Easy to integrate in application frameworks
http://tau.uoregon.edu
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What is TAU?

* TAU is a performance evaluation tool
* |t supports parallel profiling and tracing
* Profiling shows you how much (total) time was spent in each routine

* Tracing shows you when the events take place in each process
along a timeline

* Profiling and tracing can measure time as well as hardware
performance counters (cache misses, instructions) from your CPU

* TAU can automatically instrument your source code using a
package called PDT for routines, loops, I/O, memory, phases, etc.

* TAU runs on most HPC platforms and it is free (BSD style license)

* TAU has instrumentation, measurement and analysis tools
— paraprof is TAU’s 3D profile browser

* To use TAU’s automatic source instrumentation, you may set a
couple of environment variables and substitute the name of your
compiler with a TAU shell script
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TAU: Usage Scenarios

* How much time is spent in each application routine and outer
loops? Within loops, what is the contribution of each statement?

* How many instructions are executed in these code regions?
Floating point, Level 1 and 2 data cache misses, hits, branches
taken?

* What is the peak heap memory usage of the code? When and
wher% is memory allocated/de-allocated? Are there any memory
leaks”

* How much time does the application spend performing I/O? What is
the peak read and write bandwidth of individual calls, total volume?

* What is the contribution of different phases of the program? What is
the time wasted/spent waiting for collectives, and I/O operations in
Initialization, Computation, 1/0O phases?

* How does the application scale? What is the efficiency, runtime
breakdown of performance across different core counts?
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Using TAU: Simplest Case

* Uninstrumented code:

— % mpirun —np 8 ./a.out

* With TAU:

— % mpirun —np 8 tau_exec ./a.out

— % paraprof
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ParaProf: Mflops Sorted by Exclusive Time

00 TAU: ParaProf: Mean Data - s3d.loops.12000.ppk

Metric: PAPI_FP_INS / LINUX_TIMERS
Value: Exclusive
Units: Derived metric shown in microseconds format

1142.273 e Loop: CHEMKIN_M::REACTION_RATE_VEC [{chemkin_m.pp.f90} {457,3}-{471,8}] M
884.23 Loop: TRANSPORT_M::COMPUTECOEFFICIENTS [{mixavg_transport_m.pp.f90}{492,5}-{520,9}

A

0.014 | MPI_Wait()
121.843 [ Loop: TRANSPORT_M::COMPUTESPECIESDIFFFLUX [{mixavg_transport_m.pp.f90} {630,5}-{656,19}] 4;.—|OW mﬂops In
0.021 | MPI_Isend() r)
0.06 | Loop: RHSF [{rhsf.pp.f90} {209,3}-{211,7}] _/—"I OOpS !
183.176 Loop: INTEGRATE [{integrate_erk.pp.f%}{?3,3}—{93,13}]<
0 | MPI_Comm_split()
0 | MPI_Barrier()
148.608 [ RHSF
269.897 [ Loop: TRANSPORT_M:COMPUTEHEATFLUX [{mixavg_transport_m.pp.f0} {782,5}-{790,19}]
742.83 Loop: THERMCHEM_M::CALC_TEMP [{thermchem_m.pp.f90}{175,5}-{216,9}]
163.317 [l Loop: RHSF [{rhsf.pp.f90}{537,3}-{543,16}
174.081 [___] Loop: RHSF [{rhsf.pp.fo0} {545,3}-{551,16}] !
124.129 [l Loop: RHSF [{rhsf.pp.f0}{515,3}-{535,16}]
1153, 827 [ Loop: DERIVATIVE_X_CALC [{derivative_x.pp.fa0} {432,10}-{441,15}]
2.177 | DERIVATIVE_X_COMM
1422.272 (| Loop: DERIVATIVE_Y_CALC [{derivative_y.pp.f90} {431,10}-{440,15}]
1459.472 Loop: DERIVATIVE_Z_CALC [{derivative_z.pp.f90} {435,10}-{444,15}
178.375 L] Loop: VARIABLES_M::GET_MASS_FRAC [{variables_m.pp.f90} {96,3}-{99,7H
374.708 [l Loop: THERMCHEM_M:CALC_INV_AVG_MOL_WT [{thermchem_m.pp.f90}{127,5}-{129,9}]
0 | MPLIrecw()
3.778 | DERIVATIVE_Y_COMM
244308 [ Loop: THERMCHEM_M::CALC_SPECENTH_ALLPTS [{thermchem_m.pp.f90}{506,3}-{512,8}]
1.294 | INTEGRATE
0.002 | S3D
7.111 | DERIVATIVE_Z_COMM
733.265 I L 0op: DERIVATIVE_X_CALC [{derivative_x.pp.f90} {490,13}-{509,18}]
765947 [ ] Loop: DERIVATIVE_X_CALC [{derivative_x.pp.f90} {461,13}-{480,18}]
950372 ..o Loop: DERIVATIVE_Y_CALC [{derivative_y.pp.f90} {488,13}-{507,18}]
973.95 Loop: DERIVATIVE_Y_CALC [{derivative_y.pp.f90} {459,13}-{478,18}]
249,638 [l Loop: TRANSPORT_M::COMPUTESTRESSTENSOR [{mixavg_transport_m.pp.f90} {711,5}-{737,10}
1119.025 | Loop: DERIVATIVE_Z_CALC [{derivative_z.pp.f90} {464,13}-{483,18}]
0.328 | TRANSPORT_M::COMPUTESPECIESDIFFFLUX
125 7,338 | Loop: DERIVATIVE_Z_CALC [{derivative_z.pp.fo0} {493,13}-{512,18}]
84.649 [ ] RK_M:CONTROLLER
30.583 [ DERIVATIVE_X_CALC
33.374 [] DERIVATIVE_Y_CALC
33.405 [ DERIVATIVE_Z_CALC
61.032 [@ THERMCHEM_M::CALC_INV_AVG_MOL_WT
95.032 [ ] GET_VELOCITY_VEC
103.526 [ Loop: TRANSPORT_M::COMPUTECOEFFICIENTS [{mixavg_transport_m.pp.f90}{527,5}-{529,10}]
196.839 [ | Loop: FILTER_M:FILTER [{filter_m.pp.f90} {1232,5}-{1236,9}]
293.594 """ ] THERMCHEM_M:CALC_TEMP
141.127 [ TRANSPORT_M::COMPUTECOEFFICIENTS
24.465 [] COMPUTESCALARGRADIENT
0 | Loop: INTEGRATE [{integrate_erk.pp.f90}{108,3}-{110,7}]
0.245 | VARIABLES_M::GET_MASS_FRAC
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Parallel Profile Visualization: ParaProf
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How does TAU work?

* Instrumentation: Adds probes to perform measurements
— Source code instrumentation using pre-processors and compiler scripts
— Wrapping external libraries (1/0, MPI, Memory, CUDA, OpenCL, pthread)

— Rewriting the binary executable

* Measurement: Profiling or Tracing using wallclock time or hardware counters
— Direct instrumentation (Interval events measure exclusive or inclusive duration)

— Indirect instrumentation (Sampling measures statement level contribution)

— Throttling and runtime control of low-level events that execute frequently

— Per-thread storage of performance data

— Interface with external packages (Scalasca, VampirTrace, Score-P, PAPI)
* Analysis: Visualization of profiles and traces
— 3D visualization of profile data in paraprof, perfexplorer tools

— Trace conversion & display in external visualizers (Vampir, Jumpshot, ParaVer)
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Using TAU: A Brief Introduction

* TAU supports several measurement and thread options
— Phase profiling, profiling with hardware counters, trace with Score-P...

* Each measurement configuration of TAU corresponds to a
unique stub makefile and library that is generated when you
configure it

* To instrument source code automatically using PDT

— Choose an appropriate TAU stub makefile in <arch>/lib:
% export TAU_MAKEFILE=$TAU/Makefile.tau-mpi-pdt
% export TAU_OPTIONS=*-optVerbose ...’ (see tau_compiler.sh)

Use tau f90.sh, tau_cxx.sh or tau_cc.sh as F90, C++ or C compilers:

% mpif90 foo.f90 changes to
% tau_f90.sh foo.f90

* Set runtime environment variables, execute application and
analyze performance data:
% pprof (for text based profile display)
% paraprof (for GUI)
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Choosing an Appropriate TAU_MAKEFILE

% cd $TAUROOTDIR/<arch>/lib; Is Makefile.*
Makefile.tau-pdt

Makefile.tau-mpi-pdt

Makefile.tau-pthread-pdt
Makefile.tau-papi-mpi-pdt
Makefile.tau-mpi-pthread-pdt
Makefile.tau-papi-pthread-pdt
Makefile.tau-opari-openmp-mpi-pdt
Makefile.tau-papi-mpi-pdt-epilog-scalasca-trace
Makefile.tau-papi-mpi-pdt-vampirtrace-trace ...

* For an MPI+F90 application, you may choose Makefile.tau-mpi-pdt
— Supports MPI instrumentation & PDT for automatic source instrumentation
— % export TAU_MAKEFILE=$TAU/Makefile.tau-mpi-pdt
— % tau_f90.sh matrix.f90 -o matrix
— % mpirun —np 8 ./matrix
— % paraprof
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TAU Instrumentation Approach

* Supports both direct and indirect performance observation
— Direct instrumentation of program (system) code (probes)
— Instrumentation invokes performance measurement
— Event measurement: performance data, meta-data, context

— Indirect mode supports sampling based on periodic timer or hardware
performance counter overflow based interrupts

* Support for user-defined events
— Interval (Start/Stop) events to measure exclusive & inclusive duration
— Atomic events (Trigger at a single point with data, e.g., heap memory)
* Measures total, samples, min/max/mean/std. deviation statistics
— Context events (are atomic events with executing context)

* Measures above statistics for a given calling path
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Direct Observation: Events

* Event types

— Interval events (begin/end events)
* Measures exclusive & inclusive durations between events
* Metrics monotonically increase

— Atomic events (trigger with data value)
* Used to capture performance data state

* Shows extent of variation of triggered values
(min/max/mean)

* Code events
— Routines, classes, templates
— Statement-level blocks, loops
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Inclusive and Exclusive Profiles

* Performance with respect to code regions
* Exclusive measurements for region only
* Inclusive measurements includes child regions

int foo()

{
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Interval Events, Atomic Events in TAU

000 X/ xterm
NODE 0;CONTEXT ©:THREAD 0:
ETime Exclusive Inclusive #Call #Subrs Inclusive Mame
msec  total msec usec/call
100.0 0.187 1.105 1 44 1105659 int main(int. char ##) C Interval events
93.2 1.030 1.030 1 0 1030654 MPI_InitQ .
5.9 0.879 65 40 320 1637 void func(int, int) C eg, rout"’]es
4.6 51 51 40 0 1277 MPI_Barrier() 4—
1.2 13 13 120 0 111 MPI_Recv() (start/stop) show
0.8 9 9 1 0 9328 MPI_Finalize() .
0.0 0.137 0.137 120 0 1 MPI_Send() duratlon
0.0 0.086 0.086 40 0 2 MPI_Bcast()
0.0 0.002 0.002 1 0 2 MPI_Comm_size()
0.0 0.001 0.001 1 0 1 MPI_Comm_rank()
USER EVENTS Profile :NODE ©, CONTEXT 0. THREAD 0 At0m|c eventS
NumSamples  MaxValue MinValue Mean¥alue 5td. Dev. Ewvent Name (tnggered Wlth
365 5.138E+04 44.39  3.09E+04 1.234E+04 Heap Memory Used (KB) : Entry
365 5.138E+04 2064 3.115E+04 1.21E+04 Heap Memory Used (KB) : Exit value) show
40 40 40 40 0 Message size for broadcast . g=
S extent of variation
27.1 1%y
_ min/max/mean
% export TAU_CALLPATH_DEPTH=0 ( )

% export TAU_TRACK_HEAP=1
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Atomic Events, Context Events

anon I\ xterm
%Time Exclusive Inclusive #Call #Subrs Inclusive Name
msec  total msec usec/call
100.0 0.253 1.106 1 44 1106701 int main(int, char ##) C
93.2 1.031 1.031 1 0 1031311 MPI_Init O .
6.0 1 66 40 320 1650 void func(int, int) C Atomic events
5.7 63 63 40 0 1588 MPI_Barrier()
0.8 9 9 1 0 9119 MPI_Finalize ()
0.1 1 1 120 0 10 MPI_Recv()
0.0 0.141 0.141 120 0 1 MPI_Send()
0.0 0.085 0.085 40 0 2 MPI_Bcast ()
0.0 0.001 0.001 1 0 1 MPT_Comm_size ()
0.0 0 0 1 0 0 MPI_Comm_rank ()
USER EVENTS Profile :NODE 0. CONTEXT ¢, THREAD 0 c: t t t
- — TTTTTTTTTTTTTmTT e ontext events
NumSamples  Max¥alue Min¥alue HeanYalue Std. Dev. Event Name .
40 40 40 40 0 Message size for broadcast -_Eat()rT1|(: EB\/EBT\t
365 5.139E+04 44.39 3.091E+04 1.234E+04 Heap Hemory Used (KB) : Entry I
40 5.139E+04 3097 3.114E+04 1.227E+04 Heap Memory Used (KB) : Entry : WPI_Barrier() + Ea)(EB(:LJtIr1SJ
40 5.139E+04  1.13E+04 3,134E+04 1.187E+04 Heap Memory Used (KB) : Entry : MPI_Bcast() t t
1 2067 2067 2067 0 Heap Memory Used (KB) : Entry : MPI_Comm_rank( contex
1 2066 2066 2066 0 Heap Memory Used (KB) : Entry : MPI_Comm_sizef)
1 5.139E+04 5.139E+04 5.139E+04 0.0006905 Heap Memory Used (KB) : Entry : MPI_Finalize{)
1 57.56 57.56 57.56 0 Heap Memory Used (KB) : Entry : MPI_Init()
120 5.139E+04  1.13E+04 3.134E+04 1.187E+04 Heap MHemory Used (KB) : Entry : HWPI_Recv(}
120 5.139E+04 1.129E+04 3.134E+04 1.187E+04 Heap Memory Used (KB) : Entry : MPI_Send()
1 44.39 44.39 44.39 0 Heap Memory Used (KB) : Entry : int main(int. char ##) C
40 5.036E+04 2068 3.011E+04 1.227E+04 Heap Memory Used (KB) : Entry : woid funclint. int) C

4.9 1%y

Controls depth of executing
context shown in profiles

% export TAU_CALLPATH_DEPTH=1

% export TAU_TRACK_HEAP=1

11th VI-HPS Tuning Workshop, 22-25 April 2013, MdS, Saclay 15



Context Events (Default)

N xterm
NODE O[JCONTEXT 0:THREAD 0:
%Time Exclusive Inclusive #Call #Subrs Inclusive Name
msec  total msec usec/call
100.0 0.357 1.114 1 44 1114040 int main(int, char #*x) C
92.6 1.031 1.031 1 0 1031066 MPI_Init ()
6.7 72 74 40 320 1865 void func(int. int) C
0.7 8 8 1 0 8002 MPI_Finalize ()
0.1 1 1 120 0 12 MPI_Recv()
0.1 0.608 0.608 40 0 15 MPI_Barrier ()
0.0 0.136 0.136 120 0 1 MPI_Send ()
0.0 0.095 0.095 40 0 2 MPI_Bcast()
0.0 0.001 0.001 1 0 1 MPT_Comm_size()
0.0 0 0 1 0 0 MPI_Comm_rank ()
USER EVENTS Profile :NODE 0. CONTEXT ¢. THREAD ¢
NumSamples  Max¥alue HMinYalue Mean¥Yalue Std. Dev. Event Name
365 5.139E+04 44.39 3.091E+04 1.234E+04 Heap Memory Used (KB) : Entry
1 44.39 44.39 44.39 0 Heap Memory Used (KB) : Entry : int
1 2068 2068 2068 0 Heap Memory Used (KB} : Entry : int
1 2066 2066 2066 0 Heap Hemory Used (KB} : Entry : int
1 5.139E+04 5.139E+04 5.139E+04 0 Heap Hemory Used (KB) : Entry : int
1 57.58 57.58 57.58 0 Heap Memory Used (KB) : Entry : int
40 5.036E+04 2069 3.011E+04 1.228E+04 Heap Memory Used (KB) : Entry : int
40 5.139E+04 3098 3.114E+04 1.227E+04 Heap Memory Used (KB) : Entry
40 5.139E+04  1.13E+04 3.134E+04 1.187E+04 Heap Memory Used (KB) : Entry
120 5.139E+04 1.13E+04 3.134E+04 1.187E+04 Heap Memory Used (KB) : Entry :
120 5.139E+04 1.13E+04 3.134E+04 1.187E+04 Heap Memory Used (KB) : Entry
365 5.139E+04 2065 3.116E+04 1.21E+04 Heap Memory Used (KB) : Exit

% export TAU_CALLPATH_DEPTH=2
% export TAU_TRACK_HEAP=1
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TAU Instrumentation / Measurement

Instrumentation

event library
lection
selec wrapper

event

information
MEASUREMENT API

Measurement

Profiling Tracing

|
- . |
statistics atomic entry/exit | trace record trace
profiles profiles | buffering creation /0
phase I/0 profile I timestamp trace trace
profiles profiles sampling Il | generation filtering merging

Performance data sources OS and runtime system modules

. hardware . ]
system time
S




Direct Instrumentation Options in TAU

* Source Code Instrumentation

— Manual instrumentation

— Automatic instrumentation using pre-processor based on static
analysis of source code (PDT), creating an instrumented copy

— Compiler generates instrumented object code

* Library Level Instrumentation
— Wrapper libraries for standard MPI libraries using PMPI interface
— Wrapping external libraries where source is not available

* Runtime pre-loading and interception of library calls
* Binary Code instrumentation

— Rewrite the binary, runtime instrumentation

* Virtual Machine, Interpreter, OS level instrumentation
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TAU’s Static Analysis System:

Program Database Toolkit (PDT)

Application
[ Library
C/C++ <i‘> Fortran parser
parser F77/90/95

IL IL
C/C++ Fortran > )
IL analyzer L analyzer -
Program AU ) .
Automatic source
Database ) ) i . .
e DUCTAPE instrumentor netrumentation
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Automatic Source Instrumentation using PDT

TAU source Application
analyzer source
Parsed
program
\ A\
_ Instrumented
tau_instrumentor copy of source

N
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PDT: Automatic Source Code Instrumentation

* To instrument source code using PDT

— Choose an appropriate TAU stub makefile from
<taudir>/<arch>/lib/Makefile.tau™:
(typically, arch=i386_linux, x86_64, craycnl, bgp, cygwin ... and
taudir=/usr/local/packages/tau on LiveDVD)

% export TAU_MAKEFILE=$TAU/Makefile.tau-mpi-pdt
% make CC=tau_cc.sh CXX=tau_cxx.sh F90=tau_f90.sh

* Execute application and analyze performance data:

% pprof (for text based profile display)
% paraprof (for GUI)
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Usage Scenarios: Routine Level Profile

How much time is spent in each application routine?

Value: Exclusive
Units: seconds

9647.318 [ | LEQ_IKSWEEPT

4357.213 [ LEQ_BICGSOT
2669.887 [ | LEQ_MATVECT
1777.752 [ SOLVE_SPECIES_EQ
1417.986 [ | SOLVE_LIN_EQ
1028.448 | PHYSICAL_PROP
783.402 | | RRATES
682.376 ] LEQ_MSOLVET
530.858 [J] INIT_AB_M
463.788 [ | CALC_MASS_FLUX_SPHR
446.025 [] INIT_MU_S
421.747 [ CALC_RESID_S
381.363 [] SOLVE_ENERGY_EQ
371.199 [| SOURCE_PHI
258.829 ! DRAG_GS
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Solution: Generating a flat profile with MPI

% export TAU MAKEFILE=<taudir>/<arch>/lib/Makefile.tau-mpi-pdt
% export PATH=<taudir>/<arch>/bin:S$PATH
Or
% module load tau
% make F90=tau £90.sh
Or
% tau £f90.sh matmult.£90
$ mpirun -np 8 ./a.out
% paraprof
To view. To view the data locally on the workstation,
% paraprof --pack app.ppk
Move the app.ppk file to your desktop.

% paraprof app.ppk

Click on the “node 0” label to see profile for that node. Right
click to see other options. Windows -> 3D Visualization for 3D
window.
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Automatic Instrumentation

* We now provide compiler wrapper scripts

— Simply replace cc with tau cxx.sh

— Automatically instruments C++ and C source code, links with TAU MPI

Wrapper libraries.

* Use tau cc.sh and tau f£90.sh for C and Fortran

Before

CXX = mpicxx

FO90 = mpif90

CXXFLAGS =

LIBS = -1m

OBJS = fl.0 £f2.0 £3.0 .. fn.o

app: $(OBJS)
$ (CXX) $(LDFLAGS) $(OBJS) -o $@
$ (LIBS)

.cpp.o:
$ (CXX) $ (CXXFLAGS) -c $<

2411th VI-HPS Tuning Workshop, 22-25 April 2013, MdS, Saclay

After

CXX = tau_cxx.sh

F90 = tau £90.sh

CXXFLAGS =

LIBS = -1m

OBJS = fl.o0 £f2.0 £f3.0 .. fn.o

app: $(OBJS)
$ (CXX) $(LDFLAGS) $(OBJS) -o $@
$ (LIBS)

.cpp.o:
$ (CXX) $(CXXFLAGS) -c $<

&




Passing Optional Parameters to TAU Compiler Scripts

* See<taudir>/<arch>/bin/tau compiler.sh -help
* Compilation:
% ftn -c f00.£90

Changes to

% gfparse foo.£f90 $(OPT1)

% tau_instrumentor foo.pdb f0o0.£90 -o foo.inst.f£90 $(OPT2)
% ftn -c foo.inst.f90 -o foo.o $(OPT3)

* Linking:
% ftn foo.o bar.o -o app

Changes to
% ftn foo.o bar.o -o app <taulibs> $ (OPT4)

*  Where options OPT[1-4] default values may be overridden by the user:
F90 = tau £90.sh
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Compile-Time Environment Variables

*  Optional parameters for the TAU_OPTIONS environment variable:
% tau_compiler.sh

-optVerbose Turn on verbose debugging messages

-optComplnst Use compiler based instrumentation

-optMemDbg Enable memory debugging instrumentation.

-optTracklO Wrap POSIX I/O call and calculates vol/bw of I/O operations

-optKeepFiles
-optPreProcess
-optTauSelectFile="<file>"
-optTauWrapFile="<file>"
-optHeaderlnst
-optLinking=""
-optCompile=""
-optPdtF950pts=""

-optPdtF95Reset=""
-optPdtCOpts=""

-optPdtCxxOpts=""

(Requires TAU to be configured with —iowrapper)

Does not remove intermediate .pdb and .inst.* files

Preprocess Fortran sources before instrumentation

Specify selective instrumentation file for tau_instrumentor
Specify path to link_options.tau generated by tau_gen _wrapper
Enable Instrumentation of headers

Options passed to the linker. Typically
$(TAU_MPI_FLIBS) $(TAU_LIBS) $(TAU_CXXLIBS)

Options passed to the compiler. Typically
$(TAU_MPI_INCLUDE) $(TAU_INCLUDE) $(TAU_DEFS)

Add options for Fortran parser in PDT (f95parse/gfparse)
Reset options for Fortran parser in PDT (f95parse/gfparse)

Options for C parser in PDT (cparse). Typically
$(TAU_MPI_INCLUDE) $(TAU_INCLUDE) $(TAU_DEFS)

Options for C++ parser in PDT (cxxparse). Typically
$(TAU_MPI_INCLUDE) $(TAU_INCLUDE) $(TAU_DEFS) ...
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Compiling Fortran Codes with TAU

If your Fortran code uses free format in .f files (fixed is default for .f), you may use:
% export TAU_OPTIONS='-optPdtF950pts="-R free” -optVerbose’

To use the compiler based instrumentation instead of PDT (source-based):
% export TAU_OPTIONS="-optComplnst -optVerbose’

If your Fortran code uses C preprocessor directives (#include, #ifdef, #endif):
% export TAU_OPTIONS="-optPreProcess -optVerbose -optDetectMemorylLeaks’

To use an instrumentation specification file:

% export TAU_OPTIONS=*-optTauSelectFile=select.tau -optVerbose -optPreProcess’
% cat select.tau

BEGIN _INSTRUMENT_SECTION

loops routine="#"

# this statement instruments all outer loops in all routines. # is wildcard as well as comment in first column.
END_INSTRUMENT_SECTION
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Environment Variable Default Description

TAU_TRACE 0 Setting to 1 turns on tracing

TAU_CALLPATH 0 Setting to 1 turns on callpath profiling

TAU_TRACK_MEMORY_LEAKS 0 Setting to 1 turns on leak detection (for use with tau_exec —memory
Ja.out)

TAU_TRACK_HEAP or 0 Setting to 1 turns on tracking heap memory/headroom at routine entry

TAU _TRACK_HEADROOM & exit using context events (e.g., Heap at Entry: main=>foo=>bar)

TAU_CALLPATH_DEPTH 2 Specifies depth of callpath. Setting to 0 generates no callpath or
routine information, setting to 1 generates flat profile and context
events have just parent information (e.g., Heap Entry: foo)

TAU_TRACK I0_PARAMS 0 Setting to 1 with —optTracklO or tau_exec —io captures arguments of
I/O calls

TAU_SAMPLING 1 Generates sample based profiles

TAU_COMM_MATRIX 0 Setting to 1 generates communication matrix display using context
events

TAU_THROTTLE 1 Setting to 0 turns off throttling. Enabled by default to remove
instrumentation in lightweight routines that are called frequently

TAU_THROTTLE_NUMCALLS 100000 Specifies the number of calls before testing for throttling

TAU_THROTTLE_PERCALL 10 Specifies value in microseconds. Throttle a routine if it is called over
100000 times and takes less than 10 usec of inclusive time per call

TAU_COMPENSATE 0 Setting to 1 enables runtime compensation of instrumentation
overhead

TAW PRBEILEiIne@RIPP. 22-25 Apr

| PREFIMdS, ST

cBtting to “merged” generates a single file. “snapshot” generates xml
format




Usage Scenarios: Loop Level Instrumentation

. Goal: What loops account for the most time? How much?
. Flat profile with wallclock time with loop instrumentation:

Metric: GET_TIME_OF_DAY
Value: Exclusive
Lnits: microseconds

1729975333 | oo Loop: MULTIPLY _MATRICES [{matmult.f90} {31,93-{36,14}]
443194 S MPI_Recv()

81095 [] MAIN
49569 [ MPI_Bcast()
45669 [] Loop: MAIN [{matmult f20} {86,9}-{106,14}]
12412 | MPI_Send(
8959 | Loop: INITIALIZE [{matmult.f90} {17,9}-{21,14}]
8953 | Loop: INITIALIZE [{matmult.f20} {10,9}-{14,14}]
5609.2 | MPI_Finalize()
2932.667 | MULTIPLY_MATRICES
2677.667 | Loop: MAIN [{matmult f90} {117,9}-{128,14}]
2091.8 | MPI_Barrier()
1875.667 | Loop: MAIN [{matmult f90} {112,9}-{115,14}]
1833 | Loop: MAIN [{matmult f90} {71,9}-{74.14]]
107 | Loop: MAIN [{matmult fa0} {77,9}-{84,14}]
30 | INITIALIZE
14.25 | MPI_Comm_rankg)
1 | MPI_Comm_size()
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Solution: Generating a loop level profile

oe

export TAU MAKEFILE=<taudir>/<arch>/lib/Makefile.tau-mpi-pdt
export TAU OPTIONS='‘'-optTauSelectFile=select.tau -optVerbose’
cat select. tau

BEGIN INSTRUMENT SECTION

loops routine=“§#"

END INSTRUMENT SECTION

o°

oe

% module load tau
% make F90=tau f90.sh
(Or edit Makefile and change F90=tau £90.sh)
% mpirun -np 8 ./a.out
% paraprof --pack app.ppk
Move the app.ppk file to your desktop.

% paraprof app.ppk z{::;:;;?
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Computing Floating Point Instructions

Executed Per Second in Loops

Metric: PAPI_FP_INS / GET_TIME_OF_DAY
Value: Exclusive
Units: Derived metric shown in microseconds format

770899 |0 |
22339 T
223.24
171.855
170.862 [
122.96

37.549 [ ]
21.367 [
13.795 []

1 ]
8.935 |
1.131
0.794
0.647
0.355
0.171
0.115
0.023
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Goal: What execution rate do my application loops get in mflops?
Flat profile with PAPI_FP_INS and time with loop instrumentation:

Loop: MULTIPLY_MATRICES [{matmult.f90} {31,9}-{36,14}]
Loop: INITIALIZE [{matmult.f90} {10,9}-{14,14}]
Loop: INITIALIZE [{matmult.f90} {17 ,9}-{21,14}]
Loop: MAIN [{matmult.fo0} {71,9}4-{74,14}]
Loop: MAIN [{matmult.fo0} {112,9}-{115,14}]
Loop: MAIN [{matmult.fo0} {117 ,9}-{128,14}]
MULTIPLY_MATRICES

INITIALIZE

Loop: MAIN [{matmult.fo0} {86,9}-{106,14}]
MPI_Comm_size()

Loop: MAIN [{matmult.fo0} {77,9}-{84,14}]
MPI_Send()

MPI_Comm_rank()

MPI_Bcast()

MPI_Recv()

MPI_Barrier()

MPI_Finalize()

MAIN
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_ A
L -
Generate a PAPI profile with 2 or more counters J-J J-):)

export TAU MAKEFILE=<taudir>/<arch>/lib/Makefile.tau-papi-mpi-pdt
export TAU OPTIONS='-optTauSelectFile=select.tau -optVerbose’

cat select.tau

BEGIN_ INSTRUMENT SECTION

loops routine=“#"

END INSTRUMENT SECTION

S

% make F90=tau f90.sh
(Or edit Makefile and change F90=tau £90.sh)
export TAU METRICS=TIME:PAPI FP INS

mpirun -np 8 ./a.out

o°

o0 oP

paraprof --pack app.ppk

Move the app.ppk file to your desktop.

% paraprof app.ppk

Choose Options -> Show Derived Panel -> Click PAPI FP INS,

Click “/”, Click TIME, Apply, Choose new metric by double clicking.
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Usage Scenarios: Compiler-based Instrumentation

. Use the compiler to automatically emit instrumentation calls in the
object code instead of parsing the source code using PDT.

-6 66 % TAU: ParaProf: Mean Data - /home/sameer/workshop/NPB3.1/bin
File Options Windows Help

Metric: Time
Value: Exclusive percent

34.822% | | rhs_
13.209% IEeeeee— jacld_
11.823% jacu_
11.639% Ineee—— buts _
11.598% hits_
5.325% N ssO0T_
3.656% [ | MPLInit)
2.626% [ MPI_Recv{
1.994% =1 MPI_Send®
1.363% B8 MPI_Wait)
0.898% [] exchange_3_
0.411% { exchange_1_
0.284% [ setiv_
0.156% [ erhs_
0.095% | exact_
0.023% | MPI_Finalize{
0.022% | 12norm_
0.021% | error_
0.009% | MPI_Allreduce(
0.008% | sethv_
0.007% | MPl_Irecv(
0.003% | MPI_Bcast(
0.003% | print_results_
0.002% | init_cormm_
0.002% | verify_
9.0E-4% | read_input_
7.6E-4% | pintgr_
4.8E-4% | MAIN__
4.8E-5% | MPI_Barrier(
4.8E-5% | timer_start_
3.4E-5% | exchange_4_
3.1E-5% | brast_inputs_
2.0E-5% | MPI_Comm_rank{
1.7E-5% | nodedim_
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Use Compiler-Based Instrumentation

$ export TAU MAKEFILE=<taudir>/<arch>/lib/Makefile.tau-mpi-pdt
% export TAU OPTIONS='-optCompInst —optQuiet’

% make CC=tau cc.sh CXX=tau cxx.sh F90=tau f90.sh

NOTE: You may also use the short-hand scripts taucc, tauf90,
taucxx instead of specifying TAU OPTIONS and using the traditional
tau <cc,cxx,f90>.sh scripts. These scripts use compiler-based
instrumentation by default.

% make CC=taucc CXX=taucxx F90=tauf90
% mpirun -np 8 ./a.out
% paraprof --pack app.ppk
Move the app.ppk file to your desktop.
% paraprof app.ppk
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Generate a Callpath Profile

% n,gt, 0,0,0 - callpath-all/scaling/flash/taudata/disk2 /mnt/

File Options Windows Help

Metric Name: Time

alue Type: exclusive

26.474% [ ] MODULEHY DROSWEEP:HYDRO_SWEEP
26.474% | |FLASH =3 EVOLVE =3 HYDRO:HYDRO_3D
24.556% I 1 ODULEHYDRO_1D:HYDRO_1D
24.556% NG | ASH = > EVOLVE => HYDROzHYDRO_3D
14.351% [ |MODULEINTRFC:INTRFC
14.351% [T FLASH =3 EVOLVE =3 HYDRO:HYDRO_3D
4.501% [ MODULEEOS 3D:E0S3D
4.427% I MPI_Ssendg
3.678% [_1FLASH => EVOLVE
3.536% I MPI_Allreduce(
2.727% [ MPI_waitallg
2.242% [ I MODULEUPDATE_SOLN:UPDATE_SOLN
2.242% I FLASH => EVOLVE =3 HYDRO:HYDRO_3D
2.059% [_] AMR_GUARDCELL_CC_SRL

= HYDRO:HYDRO_3D

1.703% B FLASH =3» EVOLVE => HYDRO:HYDRO_3D

1.56% I FLASH => EVOLVE => HYDRO:HYDRO_3D
1.406% B FLASH => EVOLVE =3> MESH_UPDATE_GRID_REFINEMENT
1.361% E FLASH => TIMESTEP = MPI_Allreduced

1.319% [l AMR_RESTRICT_UNK_FUN

1.272% ] AMR_PROLONG_GEN_UNK_FUN

1.093% (I FLASH => EVOLVE =3> HYDRO:HYDRO_3D
1.077% ] ABUNDANCE_RESTRICT

1.077% O FLASH =3 EVOLVE => HYDRO:HYDRO_3D
1.064% B DBASETREE:DBASENEIGHEORBLOCKLIST

1% O FLASH =3 EVOLVE => HYDRO:HYDRO_3D
0.987% [ FLASH => EVOLVE => HYDRO:HYDRO_3D
0.96% (D FLASH =3 EVOLVE =3 HYDRO:HYDRO_3D

0.916% H MPI_Barrierg

0.807% M FLASH => EVOLVE =3 HYDRO:HYDRO_3D
0.806% [0 AMR_PROLONG_UNK_FUN

0.735% 0 AMR_DIAGONAL_PATCH

0.699% [] DIFFUSE

0.699% I FLASH =3 EVOLVE
0.671% [J AMR_RESTRICT_RED

= HYDRO:HYDRO_3D

= MODULEHYDROSWEEP::HYDRO_SWEEP

=3 MODULEHYDROSWEEP:HYDRO_SWEEP = MODULEHYDRO_1D:HYDRO_1D

= MODULEHYDROSWEEP::HYDRO_SWEEP = MODULEHYDRO_1D:HYDRO_1D

= MODULEHYDROSWEEP:HYDRO_SWEEP = MODULEEOS3D:EOS3D

= MODULEHYDROSWEEP:HYDRO_SWEEP = MODULEUPDATE_SOLN:UPDATE_SOLN
== MODULEHYDROSWEEP:HYDRO_SWEEP
= MODULEHYDROSWEEPF::HYDRO_S\WEEP
= MESH_REFINE_DEREFINE

=» MESH_GUARDCELL =:> AMR_GUARDCELL_SRL
=» MESH_GUARDCELL =3 AMR_GUARDCELL_SRL
= AMR_REFINE_DEREFINE

= MODULEHYDROSWEEP::HYDRO_SWEEP

=» MESH_GUARDCELL =:> AMR_GUARDCELL C_TO_F == A
=3 MODULEHYDROSWEEP:HYDRO_SWEEP = ABUNDANCE_RESTRICT
= MODULEHYDROSWEEF:HYDRO_SWEEP = MESH_GUARDCELL =:> AMR_RESTRICT =3 AMR_RESTRI
= MODULEHYDROSWEEP:HYDRO_SWEEP = MESH_FLUX_COMNSERVE =:> AMR_FLUX_CONSERVE_ UDT
=3 MODULEHYDROSWEEP:HYDRO_SWEEP = MESH_GUARDCELL =3 AMR_GUARDCELL_ C_TO_F == A

= MODULEHYDROSWEEP::HYDRO_SWEEP => MESH_GUARDCELL =:> TOT_END

= MODULEHYDROSWEEP::HYDRO_SWEEP = DIFFUSE

0.671% D FLASH =3 EVOLVE => HYDRO:HYDRO_3D => MODULEHYDROSWEEP:HYDRO_SWEEP = MESH_FLUX_CONSERVE == AMR_FLUX_CONSERVE_UDT

0.657% [JFLASH =3 EVOLVE => HYDRO:HYDRO_3D => MODULEHYDROSWEEP:HYDRO_SWEEP =: MESH_GUARDCFLL =3 AMR_GUARDCELL_SRL == AMR_
0.638% [JFLASH =3 EVOLVE = MESH_UPDATE_GRID_REFINEMENT = MARK_GRID_REFINEMENT =3 MPI_Barrier{

0.61% [ FLASH =3> EVOLVE =3 HYDROZHYDRO_3D =3:> MODULEHYDROSWEEP:HYDRO_SWEEP =3 MESH_GUARDCELL =3> AMR_GUARDCELL C_TO_F == A
0.556% D FLASH => EVOLVE =3 HYDRO:HYDRO_3D =: MODULEHYDROSWEEP:HYDRO_SWEEP =3> MESH_GUARDCELL => AMR_GUARDCELL C_TO_F => A
0.508% [ TOT_END
0.454% | FLASH => EVOLVE =3 MESH_UPDATE_GRID_REFINEMENT = MARK_GRID_REFINEMENT = > MODILEEOS3D=EQS3D -

4

= MODULEINTRFC:INT

= AMR_MORTON_ORDER

=» DEASETREE:DEAS

[ e

== AMR_
= AMR_
=

[»]
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Callpath Profile

* Generates program callgraph

Call Graph for n,c,t, 0,0,0 - tmp/private/

File Options Windows Help

main() (calls f1, f5)

el G e F1() (sleeps 1 sec, calls 2, f4)|

f4() (sleeps 4 sec, calls f2,'||

f2() (sleeps 2 sec, calls f3)|

f3() (sleeps 3 sec)

11th VI-HPS Tuning Workshop, 22-25 April 2013, MdS, Saclay
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Generate a Callpath Profile

$ export TAU MAKEFILE=<taudir>/<arch>/lib/Makefile.tau-mpi-pdt

% export PATH=<taudir>/<arch>/bin:S$PATH
% make F90=tau f90.sh

(Or edit Makefile and change F90=tau £f90.sh)

export TAU CALLPATH=1

% export TAU CALLPATH DEPTH=100
(truncates all calling paths to a specified depth)

$ mpirun -np 8 ./a.out
% paraprof --pack app.ppk

Move the app.ppk file to your desktop.
% paraprof app.ppk

(Windows -> Thread -> Call Graph) Z{C::::77
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Communication Matrix Display

. Goal: What is the volume of inter-process communication? Along which
calling path?

TAU: ParaProf; 3D  Communication Matrix: Initpok i -~ <)

~ Message Size Heat Maps
File Windows Help
TOTAL VOLUME BYTES 3
0 RE(?EI:VPET:“S 63 :
0 8.39E7

Display Options
Callpath:
i Patns [~]
Hei

Number of calls [~]

DISPLAY OPTIONS

| canpaw:

[ patns [~
-3 I
E Dataset:
g |[TOTAL vOLUME EYTES [~]

63
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Evaluate Scalability using PerfExplorer Charts

% export TAU MAKEFILE=$TAU/Makefile.tau-mpi-pdt
% export PATH=<taudir>/<arch>/bin:$PATH

% make F90=tau f90.sh

(Or edit Makefile and change F90=tau_ £90.sh)

% export TAU COMM MATRIX=1

% mpirun -np 8 ./a.out
% paraprof

(Windows -> Communication Matrix)
(Windows -> 3D Communication Matrix)
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Three Instrumentation Techniques for

Wrapping External Libraries

* Pre-processor based substitution by re-defining a call (e.g., read)
— Tool defined header file with same name <unistd.h> takes precedence
— Header redefines a routine as a different routine using macros

— Substitution: read() substituted by preprocessor as tau_read() at callsite

* Preloading a library at runtime

— Library preloaded (LD PRELOAD env var in Linux) in the address
space of executing application intercepts calls from a given library

— Tool’s wrapper library defines read(), gets address of global read()
symbol (dlsym), internally calls timing calls around call to global read

* Linker based substitution

— Wrapper library defines __ wrap_read which calls __ real read and linker
is passed -WI,-wrap,read to substitute all references to read from
application’s object code with the  wrap_read defined by the tool
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Issues: Preprocessor based substitution

* Pre-processor based substitution by re-defining a call
— Compiler replaces read() with tau_read() in the body of the source code

* Advantages:

— Simple to instrument
* Preprocessor based replacement
* A header file redefines the calls
* No special linker or runtime flags required

* Disadvantages

— Only works for C & C++ for replacing calls in the body of the
code.

— Incomplete instrumentation: fails to capture calls in
uninstrumented libraries (e.g., libhdf5.a)
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Issues: Linker based substitution

* Linker based substitution
— Wrapper library defines __ wrap_read which calls __ real read
and linker is passed -WI,-wrap, read
* Advantages
— Tool can intercept all references to a given call
— Works with static as well as dynamic executables
— No need to recompile the application source code, just re-link
the application objects and libraries with the tool wrapper library
* Disadvantages

— Wrapping an entire library can lengthen the linker command line
with multiple —WI,-wrap,<func> arguments. It is better to store
these arguments in a file and pass the file to the linker

— Approach does not work with un-instrumented binaries
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Solution: tau_gen_wrapper

* Automates creation of wrapper libraries using TAU
* Input:
— header file (foo.h)
— library to be wrapped (/path/to/libfoo.a)
— technique for wrapping
* Preprocessor based redefinition (-d)

* Runtime preloading (-r)
* Linker based substitution (-w: default)

— Optional selective instrumentation file (-f select)

* Exclude list of routines, or
* Include list of routines

* OQutput:
— wrapper library
— optional link_options. tau file (-w), pass —optTauWrapFile=<file>
n TAU OPTIg\)ﬂ|203 nment variable
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Design of wrapper generator

(tau_gen_wrapper)

* tau _gen wrapper shell script:

— parses source of header file using static analysis tool Program
Database Toolkit (PDT)

— Invokes tau_wrap, a tool that generates
* instrumented wrapper code,
* an optional link_options.tau file (for linker-based substitution, -w)

* Makefile for compiling the wrapper interposition library

— Builds the wrapper library using make

* Use TAU_OPTIONS environment variable to pass location of

link_options.tau file using
% export TAU OPTIONS=‘'-
optTauWrapFile=<path/to/link options.tau> -optVerbose’

* Use tau _exec —loadlib=<wrapperlib.so> to pass location of wrapper
library for preloading based substitution
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tau_wrap

TAU source Application
analyzer source
Parsed

program
\ v
- tau_wrap

_{

Instrumented
source

J
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A

HDF5 Library Wrapping \\_/J —'_;' _PSJ

[ saneer @orak] $ tau gen wapper hdf5.h /usr/lib/libhdf5.a -f select.tau

Usage : tau_gen_w apper <header> <library> [-r|-d|-w (default)] [-g groupnane] [-i
headerfile] [-c|-c++|-fortran] [-f <instr_spec file> ]

* instrunents using runtine preloading (-r), or -W,-wap linker (-w), redirection
of header file to redefine the wapped routine (-d)

* instrunentation specification file (select.tau)

* group (hdfb5)

* tau_exec |loads |ibhdf5 wap.so shared |ibrary using -l oadlib=<I|ibwap pkg.so>

* creates the wapper/ directory

NCDE 0; CONTEXT 0; THREAD O:

o9 me Excl usi ve | ncl usi ve #Cal | #Subrs I ncl usi ve Name
nsec total nsec usec/ cal
100.0 0. 057 1 1 13 1236 . TAU Application
70. 8 0. 875 0. 875 1 0 875 hid_t H5Fcreate()
9.7 0.12 0.12 1 0 120 herr_t H5Fcl ose()
6.0 0.074 0.074 1 0 74 hid_t HS5Dcreate()
3.1 0. 038 0. 038 1 0 38 herr_t HoDwrite()
2.6 0. 032 0. 032 1 0 32 herr_t H5Dcl ose()
2.1 0. 026 0. 026 1 0 26 herr _t H5check_version()
0.6 0. 008 0. 008 1 0 8 hid_t H5Screate_sinple()
0.2 0. 002 0. 002 1 0 2 herr_t H5Tset_order()
0.2 0. 002 0. 002 1 0 2 hid_t H5Tcopy()
0.1 0. 001 0. 001 1 0 1 herr_t H5Scl ose()
0.1 0. 001 0. 001 2 0 0 herr_t H50pen() f :;
0.0 0 0 1 0 0 herr_t H5Tcl ose()
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Using POSIX I/O wrapper library in TAU

* Setting environment variable TAU_OPTIONS=-optTracklO links in
TAU’s wrapper interposition library using linker-based substitution

* Instrumented application generates bandwidth, volume data

*  Workflow:
— % export TAU_OPTIONS="-optTracklO —optVerbose’
— % export TAU_MAKEFILE=/path/to/tau/x86 64/lib/Makefile.tau-mpi-pdt
— % make CC=tau_cc.sh CXX=tau_cxx.sh F90=tau f90.sh
— % mpirun —np 8 ./a.out
— % paraprof

* Get additional data regarding individual arguments by setting
environment variable TAU _TRACK 10 _PARAMS=1 prior to running
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Issues: Preloading a wrapper library at

runtime

* Preloading a library at runtime

— Tool defines read(), gets address of global read() symbol
(dlsym), internally calls timing calls around call to global read

— tau_exec tool uses this mechanism to intercept library calls

* Advantages
— No need to re-compile or re-link the application source code

— Drop-in replacement library implemented using LD_PRELOAD
environment variable under Linux, Cray CNL, IBM BG/P CNK,
Solaris...

* Disadvantages

— Only works with dynamic executables. Default compilation mode
under Cray XE6 and IBM BG/P is to use static executables

— Not all operating systems support preloading of dynamic shared
objects (DSOs)
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Runtime Preloading: tau_exec

* Runtime instrumentation by pre-loading the
measurement library

* Works on dynamic executables (default under Linux)

* Can substitute I1/0O, MPIl, SHMEM, CUDA, OpenCL, and
memory allocation/deallocation routines with
iInstrumented calls

* Track interval events (e.g., time spent in write()) as well
as atomic events (e.g., how much memory was
allocated) in wrappers

* Accurately measure |/O and memory usage

* Preload any wrapper interposition library in the context of
the executing application
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Preloading a Specific TAU Measurement Library

% .Iconfigure —pdt=<dir> -mpi —papi=<dir>; make install
Creates in <taudir>/<arch>/lib:

Makefile.tau-papi-mpi-pdt
shared-papi-mpi-pdt/libTAU.so

% .Iconfigure —pdt=<dir> -mpi; make install creates
Makefile.tau-mpi-pdt
shared-mpi-pdt/libTAU.so

To explicitly choose preloading of shared-<options>/libTAU.so change:
% mpirun —np 8 ./a.out to
% mpirun —np 8 tau_exec —T <comma_separated_options> ./a.out

% mpirun —np 8 tau_exec —T papi,mpi,pdt ./a.out

Preloads <taudir>/<arch>/shared-papi-mpi-pdt/libTAU.so

% mpirun —np 8 tau_exec —T papi ./a.out

Preloads <taudir>/<arch>/shared-papi-mpi-pdt/libTAU.so by matching.

% mpirun —np 8 tau_exec —T papi,mpi,pdt —s ./a.out

Does not execute the program. Just displays the library that it will preload if executed without

the —s option. g
NOTE: -mpi configuration is selected by default. Use —T serial for
Sequential programs.




TAU Execution Command (tau_exec)

* Uninstrumented execution

— % mpirun —np 8 ./a.out
* Track MPI performance
— % mpirun —np 8 tau_exec ./a.out
* Track POSIX I/O and MPI performance (MPI enabled by default)
— % mpirun —np 8 tau_exec —io ./a.out
* Track memory operations
— % setenv TAU TRACK_MEMORY_LEAKS 1
— % mpirun —np 8 tau_exec —memory ./a.out
* Use event based sampling (compile with —q)
— % mpirun —np 8 tau_exec —ebs ./a.out
— Also —ebs_source=<PAPI_COUNTER> -ebs period=<overflow count>
* Load wrapper interposition library
— % mpirun —np 8 tau_exec —loadlib=<path/libwrapper.so> ./a.out
* Track GPGPU operations
— % mpirun —np 8 tau_exec —T serial —cupti ./a.out
— % mpirun —np 8 tau_exec —opencl ./a.out
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Profiling GPGPU Executions

* GPGPU compilers (e.g., CAPS hmpp and PGI) can now
automatically generate GPGPU code using manual
annotation of loop-level constructs and routines (hmpp)

* The loops (and routines for HMPP) are transferred
automatically to the GPGPU

* TAU intercepts the runtime library routines and examines
the arguments

« Shows events as seen from the host
* Profiles and traces GPGPU execution
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Heterogeneous Architecture

* Multi-CPU, multicore shared memory nodes
* GPU accelerators connected by high-BW 1/O
* Cluster interconnection network

Interconnection Network
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Host (CPU) - GPU Scenarios

4+ 4+ 4+
Host | Open device | Move data |Launch kernel(s)|  Wait

° Slngle GPU (CPU) — R B

GPU . | Run kernel(s) |
>
4 implemented as asynchronous calls Time
* Multi-stream Gty [Open device [ Vove data [Launch kemels)] Vit [ Move daa |
| Open device | Move data |Launch kernel(s) |Wa1t
. Run kernel(s
gpy Steml | R O
tream | Run kernel(s) |
>
. Time
* Multi-CPU,
Multi-GPU s [Open devie | Move doa | Launch Kernel(9]  Wait [ Move data
GPU 1 « Run kernel(s) |
GPU k v | Run kernel(s) |
Thread  Goen device | Move data |Launch kemel(s)] . Wait
(CPU k) ............................. ’

Time
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Host-GPU Measurement —

* GPU driver libraries provide callbacks for certain routines
and captures measurements

* Measurement tool registers the callbacks and processes
performance data

* Application code is not modified

T, . 7 ™, il.-""
CPU | Register ’
- Callback |

Launch Kernel

L "y

GPU




Method Support and Implementation

* Synchronous method

— Place instrumentation appropriately around GPU calls (kernel
launch, library routine, ...)

— Wrap (synchronous) library with performance tool

* Event queue method
— Utilize CUDA and OpenCL event support

— Again, need instrumentation to create and insert events in the
streams with kernel launch and process events

— Can be implemented with driver library wrapping

 (Callback method

— Utilize language-level callback support in OpenCL
— Utilize NVIDIA CUDA Performance Tool Interface (CUPTI)
— Need to appropriately register callbacks
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GPU Performance Measurement Tools

* Support the Host-GPU performance perspective

* Provide integration with existing measurement system to
facilitate tool use

* Utilize support in GPU driver library and device

* Tools
— TAU performance system
— Vampir
— PAPI
— NVIDIA CUPTI
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cuon [opect]

CUPTI

| [[cuon fopnot

TAU — PAPI —
parallel
orofile tau2ott
/’——\_____/
— Event queue
ParaProf — (Callback

%

VampirTrace

parallel
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NVIDIA CUPTI

* NVIDIA is developing CUPTI to enable the creation of
profiling and tracing tools

 Callback API

— Interject tool code at the entry and exist to each CUDA runtime
and driver API call

* Counter API

— Query, configure, start, stop, and read the counters on CUDA-
enabled devices

* CUPTI is delivered as a dynamic library
* CUPTI is released with CUDA 4.0

%th VI-HPS Tuning Workshop, 22-25 April 2013, MdS, Saclay
59



TAU for Heterogeneous Measurement

* Multiple performance perspectives

* Integrate Host-GPU support in TAU measurement
framework
— Enable use of each measurement approach
— Include use of PAPIl and CUPTI
— Provide profiling and tracing support

* Tutorial
— Use TAU library wrapping of libraries

— Use tau exec to work with binaries
% .Ja.out (uninstrumented)
% tau_exec —T serial —cupti ./a.out
% paraprof
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Example: SDK simpleMultiGPU

* Demonstration of multiple GPU device use
* main solverThread reduceKernel
* One Keeneland node with three GPUs

* Performance profile for:
— One main thread
— Three solverThread threads
— Three reduceKernel “threads”
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simpleMultiGPU Profile

Metric: TIME .
Value: Exclusive Overall proflle

Std. Dew.

Mean [ sl N

node 0, thread 0
node 0, thread 1
node 0, thread 2
node 0, thread 3
node 0, thread 4 |
node 0, thread 5 |
node 0, thread 6 |

Comparison profile

Metric: TIME ] node 0, thread 0
Value: Exclusive B node 0, thread 1
Units: milliseconds [l node 0, thread 2

B node 0, thread 3

19450 b o oo o
cutEndThread [{multithreading.cpp} {55,0}]

R QR =—— . .
13064 b cudakError_t cudaMalloc(void **, size t) C

|dentified a known 6531.3 [—
overhead in GPU 0.013 | i cetbevicelint) C
. 5679.9 = cudacrror €t cudasetbevicel(ln
context creation 12212 [
1543.2 ]
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SHOC FFT Profile with Callsite Info

* TAU is able to associate callsite context information with
kernel launch so that different kernel calls can be

distinguished

Metric: TAUGPU_TIME
Value: Exclusive
Units: microseconds

3447.5 s ifft1D_512
2963.2 | | fftlD 512

1913.2 || ifft1D_512 <= inverse(void*, int) [{fftlib.cpp} {134,0}] <= void runTest<cplxdbl>(std::basi
1577.2 [l fft1D 512 <= forward(void*, int) [{fftlib.cpp} {117,0}] <= void runTest<cplxdbl>(std::basi
1534.2 e 11D 512 <= inverse(void*, int) [{fftlib.cpp} {134,0}] <= void runTest<eplxflt=(std::basic

1386 [ fft1D 512 <= forward(void*, int) [{fftlib.cop} {117,0}] <= void runTest<cplxflt>(std::basic_
410.75 [ chklD_512

217.75 [ chklD 512 <= check(void*, void*, int, int) [{fftlib.cpp} {151,0}] <= void runTest<cplxdbl>

193 &= chklD 512 <= check(void*, void*, int, int) [{fftlib.cpp} {151,0}] <= void runTest<cpIxflt=>(

Each kernel (ifft1D_512, fft1D_512 and chk1D_512) is broken down by call-
site, either during the single precession or'double precession step.

th VI-HPS Tuning Workshop, 22-25 April 2013, MdS, Saclay
63



Example: SHOC Stencil2D

Compute 2D, 9-point stencil

— Multiple GPUs using MPI

— CUDA and OpenCL versions

One Keeneland node with 3 GPUs
Eight Keeneland nodes with 24 GPUs

Performance profile and trace
— Application events

— Communication events

— Kernel execution
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Stencil2D Parallel Profile / Trace in Vampir

Metric: TAUGPU_TIME
Value: Exclusive

Std. Dew.

Mean

node O, thread O
node O, thread 1
node 1, thread O
node 1, thread 1
node 2, thread O
node 2, thread 1

Timeline Function Summary
15.592 5 15.594 5 15.596 5 15.598 5 15.600 s 15.602 s [ All Processes, Accumulated Exclusive Time per Function...
: : : : : : 15 ms 10 ms 5 ms 0 ms

_ L s —
OSCEINAN LATAN LAAN LAWAN 1AW LAVAN | =“
Process 1 g :
conrrs [N A 71N AN 0 ]
Process 2 : i i
o o

4 797 ms Appllcal:lon

Process 3 A ! | | | | L
H Property Value
cupaf1] 3:1 - L :
.- : : : d : Function Stencilkernel

cupalo] 0:1, Values of Counter "l1_5hared_bank_conﬂict" over Time Function Group CUDA_KERMNEL
i i i i i Interval Begin  15.595375 s

Interval End 15.59586 s

Duration A485.132681 ys

I E Dt D

———— Communication Matrix View
Average Bandwidth

;5,.55;5;5
P Q‘l‘ P Q‘l‘ (‘,’Q‘l‘ ;3-’0‘!‘
FELETETE S
Process 0 2 B 320 MiB/s
cupalo] 0:1 l 280 MiB/s
: _ ; Process 1 o [ ] 240 MiB/s
= CUDA[1] 1:1 [ 200 MiB/s
] N . E Y Process 2 a B 160 MiB/fs
. . . cupaAfo] 2:1 l 120 MiB/s
N ﬁ ' H Y I i Process 3 . a 80 MiB/s
; : | i cupaf1] 3:1 [ |

40 MiB/s
0 MiB/s




Building Bridges to Other Tools

TAU:[“\~\~\\\A

pprof

xprofiler

HPC View

peekperf

s

K l Dynaprof TAU
profile
EPILOG tau2profile
Trace Librar
i 3 Wallclock
251002 +PAPI Probe
tau2slo
g / ; tau2cube ,_’
Ig2vtf, CUBE
tau_convert fau2vt/ vet?n:r /e /
- tau_convert ptmers GCC ~( gprof
i IBM
\ vif2 profile oo MPIP
VTF O«
ﬁ SGlI
HPC Toolkit
tf2otf /
vif2o pora | mPIP |
tauzotf : HPCRun/hpcprof | ( HPM Toolkit
J\
ITA4.0 ore HPMCount////}v
LibHPM
= stftool PSRUN
Vampir |« > PerfSuite ———___ A
= I
ITA6.0 /@7 VampirTrace
P MPE PrOfII'S./ITrace End_User
(MPICH) e Analysis Tool
— Generator
Jumpshot-4 OMPtrace
MPlItrace
— = OMPltrace Analysis/Converter
Paraver @ SCPUs Tool
infoPerfex Trace format recognition
NanosCompiler coming soon.
Dimemas -

Trace Format

LEGEND

Profile Format

file(s) file(s)

Data from a Profile/Trace

file generator
Profile 9

Database

Profile file data output

Tracefile data output
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TAU Analysis

event

———— = ——

profilers |

\.____]_____J

 profiles
profiles traces

Profile Data Mining (PerfExplorer)

Skt Bqmnsags ap Bore b gpen B3 e i smabeny

S
[+

11th VI-HPS Tur.55~~

N I I VTN TR R

evgnt —| Instrumentation ; )
selection mformation _ ___ ___ _.

Trace Data Management
trace trace |
translators storage |
Trace Visualizers
JumpShot

Trace Analyzers

ProfileGen
Vampir
Server

Paraver




Example: NAMD with CUPTI

ViR BERPE

IERE NN EENE SRR
e HEEENEREER |
T Nl

7 Bl EE |

[ 1 BN AN
DEEREEEREN BN
| e EEEN |




HMPP SGEMM (CAPS Entreprise)

Host | il
P rO Ce S S ;l-Lli-l-l

Transfer ’ -
Kernel

Compute
Kernel

Host
Process

Transfer
Kernel

Compute
Kernel

11th VI-HPS Tt ‘ 5.2




Profiling PGI Accelerator Primitives

* PGI compiler allows users to annotate source code to
identify loops that should be accelerated

* When a program is compiled with TAU, its measurement
library intercepts the PGI runtime library layer to
measure time spent in the runtime library routines and
data transfers

* TAU also captures the arguments:

— array data dimensions and sizes, strides, upload and download
times, variable names, source file names, row and column
information, and routines
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Example: PGl GPU-accelerated MM

TAU: ParaProf: n,c,t 0,0,0 - fUsers/sameer/rs/taudata/mm

Metric: TIME

Value: Exclusive percent

35.367% e |
EEEpL |

__pgi_cu_downloadx multiply_matrices var=a, dims=2, desc.devx=0, desc.devstride=1, desc.hoststride=1, desc.size=3000, desc.extent=

__pgi_cu_init multiply_matrices [{/mnt/netapp /homel/sameer/mm/mm2.f90H9}]

1.822% EH mymatrixmultiply [[mmdriv.f90} {1,0}]
1.648% @ __pgi_cu_uploadx multiply_matrices var=c, dims=2, desc.devx=0, desc.devstride=1, desc.hoststride=1, desc.size=3000, elementsize=4 [
1.618% [ __pgi_cu_uploadx multiply_matrices var=b, dims=2, desc.devx=0, desc.devstride=1, desc.hoststride=1, desc.size=3000, elementsize=4 |
0.083% | _ pgi_cu_free multiply_matrices [{/mnt/netapp/homel/sameer/mm/mm2.f30}]
0.07% | _ pgi_cu_alloc multiply_matrices [{/mnt/netapp/homel /sameer/mm/mm2.f90}9}]
0.037% | multiply_matrices [{[mm2.f90} {5,0}]
0.007% | _pgi_cu_module multiply_matrices [{/mnt/netapp/homel/sameer/mm/mm2.f30H9}]
0.006% | __pgi_cu_launch multiply_matrices (multiply_matrices_11_gpu,gx=188,gy=188,gz=1,bx=16,by=16,bz=1,flag=0) [{/mnt/netapp /homel,s:
0.005% | __pgi_cu_paramset multiply_matrices [{/mnt/netapp/homel/sameer/mm/mm2.f90}]
0.004% | __pgi_cu_launch multiply_matrices (multiply_matrices_15_gpu,gx=188,gy=188,gz=1,bx=16,by=16,bz=1,flag=0) [{/mnt/netapp /homel,s:
0.002% | __pgi_cu_module_function2 multiply_matrices name=multiply_matrices_11_gpu, argname=(null), argsize=20, varname=(null), varsize=0 [{/r
0.002% | __pgi_cu_module_function2 multiply_matrices name=multiply_matrices_15_gpu, argname=(null), argsize=44, varname=(null), varsize=0 [{/r
[T ) XD
olelw, TAU: ParaProf: Thread Statistics: n,c,t, 0,0,0 - fUsers/sameer/rs/taudata/mm
Exclusive TIME % Mamea Exclusive TIME %7 Inclusive TIME Calls Child Calls
55.4%  _ pgi_cu_downloadx multiply_matrices var=a, dims=2, desc.devx=0, desc.devstride=1, desc.hostst 2.721 2.721 5 ol
39.3%  _ pgi_cu_init multiply_matrices [{/mnt/netapp /homel/sameer/mm/mm2.f90H9}] 1.933 1.933 5 0
1.8%  mymatrixmultiply [{mmdriv.f90}{1,0}] 0.09 4.914 1 5
1.6% __pgi_cu_uploadx multiply_matrices var=c, dims=2, desc.devx=0, desc.devstride=1, desc.hoststrid 0.081 0.081 5 0
1.6% _ pgi_cu_uploadx multiply_matrices var=b, dims=2, desc.devx=0, desc.devstride=1, desc.hoststrid 0.079 0.079 5 0
0.1%  _ pgi_cu_free multiply_matrices [{/mnt/netapp/homel/sameer/mm/mmz2.f90}] 0.004 0.004 15 0
0.1% _ pgi_cu_alloc multiply_matrices [{/mnt/netapp/homel/sameer/mm/mm2.f90H9}] 0.003 0.003 15 0
0.0%  multiply_matrices [{mm2.f90}{5,0}] 0.002 4.825 5 8§
0.0% _ pgi_cu_module multiply_matrices [{/mnt/netapp/homel/sameer/mm/mm2.f30H93}] 0 0 5 0
0.0%  _ pgi_cu_launch multiply_matrices (multiply_matrices_11_gpu,gx=188,gy=188,gz=1,bx=16,by=16 0 0 5 Chu
0.0% _ pgi_cu_paramset multiply_matrices [{/mnt/netapp/homelfsameer/mm/mm2.f90}] 0 0 10 0
0.0%  _ pgi_cu_launch multiply_matrices (multiply_matrices_15_gpu,gx=188,gy=188,gz=1,bx=16,by=16 0 0 5 0|4
0.0% _ pgi_cu_module_function2 multiply_matrices name=multiply_matrices_11_gpu, argname=(null), arg: 0 0 5 0
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PGl MM Computational Kernel

™ O O TAU: ParaProf: Function Data Window: /Users/sameer/rs/taudata/pgiacc/mm/PGI11.2

Name: _pgi_cu_downloadx multiply_matrices var=a, dims=2, desc.devx=0, desc.devstride=1,
desc.hoststride=1, desc.5ize=3000, desc.extent=3000, elementsize=4
[{/mnt/netapp/homel/sameer/mm/mm2.f90H20}]

Metric Name: TIME

Value: Exclusive

Units: seconds

2,722 ] node 0

~, Show Source Code

S nNon TAU: ParaProf: Source Browser: ./mm2.f90 Show Function Bar Chart
: Show Function Histogram

1 I fimple matml example Assign Function Colc?r

2 Reset to Default Color

3 mﬂduj‘? Ty Tim Rename

4 contains

5 subrountine multiply matrices( a, b, ¢, m }

[ real, dimension(:,:}) :: a,b,c 4

7 i=10

B

] lSacec region

10 de j = 1,m

11 de 1 = 1,m

12 a(i,j) = 0.0

13 enddo

14 do k = 1,m

15 de 1 =1,m

16 a(i,j) = a(i,J) + b(i,k) * e(k,])

17 enddo

18 enddo

19 enddo

20 !S%acc end region

31 end subroutine

22 end module

23
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Instrumentation: Re-writing Binaries

* Support for both static and dynamic executables

* Specify the list of routines to instrument/exclude from
iInstrumentation

* Specify the TAU measurement library to be injected
* Simplify the usage of TAU:

— To instrument:
% tau _run a.out -o a.inst

— To perform measurements, execute the application:
$ mpirun -np 8 ./a.inst

— To analyze the data:

% paraprof
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tau_run with NAS PBS -HPS

8o X livetau@paratools01:~

fhome/livetau® cd " /tutorial

fhome/livetau/tutorialZ # Build an uninstrumented bt NAS Parallel Benchmark
/home/livetau/tutorial® make bt CLASS=W NPROCS=4

/home/livetau/tutorial? cd bin

/home/livetau/tutorial/binZ # Run the instrumented code
/home/livetau/tutorial/binZ mpirun -np 4 ./bt_W.4
/home/livetau/tutorial /binZ

/home/livetau/tutorial/binZ # Instrument the executable using TAU with DyninstAPI
fhome/livetau/tutorial /binZ

/home/livetau/tutorial/bin% tau_run ./bt_MW.4 -o ./bt.i
/home/livetau/tutorial/bin% rm -rf profile.® MULT#=
/home/livetau/tutorial/bin% mpirun —np 4 ./bt.i

/home/livetau/tutorial/bin% paraprof

/home/livetau/tutorial /bin¥%

/home/livetau/tutorial/bin% # Choose a different TAU configuration
/home/livetau/tutorial/binZ ls $TAU/1ibTAUsh

libTAUsh-depthlimit-mpi-pdt .so* libTAUsh-papi-pdt .so*
libTAUsh-mpi-pdt .so* libTAUsh-papi-pthread-pdt.so#
libTAUsh—mpi-pdt-upc.so* libTAUsh-param-mpi-pdt.so*
libTAUsh-mpi-python-pdt .so* libTAUsh-pdt .so*
libTAUsh-papi-mpi-pdt.so¥* libTAUsh-pdt-trace.so¥
libTAUsh-papi-mpi-pdt-upc.so# libTAUsh-phase-papi-mpi-pdt .so%
1libTAUsh-papi-mpi-pdt-upc-udp.so* libTAUsh-pthread-pdt .so*

libTAUsh-papi-mpi-pdt-vampirtrace-trace.so* libTAUsh-python-pdt.so*
libTAUsh-papi-mpi-python-pdt .so#

/home/livetau/tutorial /bin%

/home/livetau/tutorial/bin% tau_run -XrunTAUsh-papi-mpi-pdt-vampirtrace-trace bt_W.4 -o bt.vpt
/home/livetau/tutorial/bin% setenv YT_METRICS PAPI_FP_INS:PAPI_L1_DCM
/home/livetau/tutorial/bin% mpirun -np 4 ./bt.vpt

/home/livetau/tutorial /bin% vampir bt.vpt.otf &
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TAU Analysis

ev_ent —| Instrumenitation 1—‘ n:.event )
selection information _ _ __ _ _ _ _.

_ profilers
g

| profiles
profiles traces

Profile Data Management (PerfDMF) Trace Data Management

profile etadata profile trace trace
translators (XML) database translators storage

Profile Analysis (ParaPro

TE— T e
T —
e —— !
—

Trace Visualizers Trace Analyzers

Server
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Performance Analysis

* Analysis of parallel profile and trace measurement

* Parallel profile analysis (ParaProf)

— Java-based analysis and visualization tool

— Support for large-scale parallel profiles
* Performance data management framework (PerfDMF)
* Parallel trace analysis

— Translation to VTF (V3.0), EPILOG, OTF formats

— Integration with Vampir / Vampir Server (TU Dresden)

— Profile generation from trace data

* Online parallel analysis and visualization
* Integration with CUBE browser (Scalasca, UTK / FZJ)
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ParaProf Profile Analysis Framework

| TAU, mpiP, ompP,
HPMToolkit, Cube,

Comparative Text
HPCToolkit, Gprof, : .
Dynaprof, PSRun / _ 1alysie DlSPlE'.\'S D;splavs

S ~ Derived Data
Runtime Data Vis PEC'(EEE
Collection

| 3D Displays
Supermon, MRNet ‘ _ '

Representation

' PostgresalL, MySaL Scripting Interface
|| Oracle, DB2, Derby

Jython




NAS BT - Flat Profile

M W o

ParaProf: /Users/malony/Papers/ParCo2005/Figures/bin/flat
File Options Windows Help

Metric Name: Time
Value Type: exclusive

Y _SOLVE _CELL LHSZ

std. dev. [l | I 1 1 1111N8
mean ] [ B O E00 .
nc,t0,00 NN [N BN 00 .
nct1,00 T ] BN N O
nc.t 2,00 T [ BN ICONE O
net300 ] [ BN §00 .
BN 0 §00 .
[ 1B TNl 0.
. 1 EEC IO E00 -
.t 7,00 ] ] I s 1[] [ TEEC 1N 0.
nc.t8,0,0 I;l_*: i 1 EEC ] §0l .
7 \ /
|Z_ SOLVE CELL | |X SOLVE_CELL | MPL Wait() | | LHSX | MPL Waitall() | y
Application routine names How is MPI_Wait()
reflect phase semantics distributed relative to

solver direction?
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NAS BT - Phase Profile

Main phase shows nested phases and immediate events

\

X ParaProf: MPBT/phase/amorris/home/ y. i “I]IE]E]
File Options Windows Help — — — Ve ~N
v_solve phase z_solve phase ¥_solve phase PPl _aitall
mean 1 mln
nct 0,00 O nin
1 nin
1 nin
C N\ O 11l
N\ CEl
\ (N |
(N |
1
B A 1]
o \\{\“ I\‘

14

X ParaProf: y_solve phase/phas ejamorrlsfho“ﬂ@@ X ParaProf: z_solve phasefphasejamorrls,l[ﬂ@@ X ParaProf: x_solve phasa’phal@@@

File Options Windows Help File Options Windows Help File Options Windows Help
mean I mean [ T ] rnean I
n,c,t 0,0,0 D n,c,t 0,00 n.c,t 0,0,0 [ NGNEE
n,c,t 1,0,0 nct 1,0,0 n,c,t 1,0,0 N
n.c.t 2,0,0 I n,c12,0,0 n.c.t 2,0,0 NN
n,c.t 3,0,0 NG n,c.t 3,0,0 T n,c.t 3,0,0 NN
n,c,t 4,0,0 n,ct 4,00 [ [] n,c,t 4,0,0 N
n,c,t 5,0,0 G nttSOO:[-E n,ct5,0,0 N
n,c,t 6,0,0 I n,c,t 6,0,0 T | n,c,t 6,0,0 RN
n,c,t 7,0,0 I n.ct7,0,0 n,c,t 70,0 [N
n,c,t 8,0,0 n,c,t 8,0,0 C T I n,c,t 8,0,0 NN
. I J 1 ok 7 F | 1 55T

L il 4
|Y_SOLVE_CELL| j [MPI_Waitd | |LHSY |
['Y_BACKSUBSTITUTE]

Fi P4
|Z_SOLVE_CELL| | [MPI_WaitQ| |LHSZ|
|Z_BACKSUBSTITUTE|

¥ )
[X_SOLYE_CELL | !lMPI_Waitﬁl [LHSX |
|¥_BACKSUBSTITUTE]




Inclusive PAPLLFP_INS/P_WALL_CLOCK_TIME

=
_
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g
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Phase Profiling of HW Counters

* GTC particle-in-cell simulation of fusion turbulence

* Phases assigned to
iterations

* Poor temporal locality for
one important data

* Automatically generated
by PE2 python script

GTC Phase Breakdown: PAPI_FP_INS/P_WALL_CLOCK_TIME

decreasing
flops rate

7,500,000
7,400,000
7,300,000

Y 7.200,000

F, 7,100,000

% 7.000,000

8 6,900,000
6,800,000
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Inclusive PAPI_L1_TCM-PAPI_L2_TCM/PAPI_L1_TCM

= 6,400,000

6,300,000
6,200,000
6,100,000

GTC Phase Breakdown: P_WALL_CLOCK_TIME

increasing phase
execution time
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GTC Phase Breakdown: PAPI_L1_TCM-PAPI_L2_TCM/PAPI_L1_TCM
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0.855
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Profile Snapshots in ParaProf

* Profile snapshots are parallel profiles recorded at
runtime

* Shows performance profile dynamics (all types

TAU: ParaProf: Snapshets for n,e,t 0,0,0 - flashd xml

TAU measurement File Filter Windows PyScript Help

‘ Top 20 “ Square ” Differential || Timeline‘ |Stacked |v| |Time |v|Echusi\re |v|

Snapshot Breakdown

Initialization Finalization

1,300,000

1,200,000

1,100,000

Checkpointing

1,000,000

application run
on parallel system

500,000

parallel profile snapshots san,000

900,000
800,000

700,000

Exclusive (microseconds)

600,000

300,000

200,000
= (1] LT 100,000 =z = === -_= o=
Ll ! b WiN slaf1 ai T | & ETamifEmcime T eeoSemmomms.  mSEe_=SaeSE
n = — i i - e i ]
1] 1 2 3 4 5 [ 7 8 9 10 11 12 13 14 15 18 17 18 1% 20 21 22 23 24

Timeline (seconds)

tn t2

w M MPI_EBarrierd W GRID_GETSINGLECELLYOL 8 INTRFC MPI_Allreduced HY_BLOCE. M RIEMAN MPI_Ssend( HYDRO_1D MSTATES
WEOS_WRAFPED M GRID_GETDELTAS M AMR_GUARDCELL MPI_Bcast) M GRID_APPLYBCEDGEALLUNKWARS M MPI_Recv) M MAFL

W MPI_Waitall) @ TIMERS_STOPINDEX HY_SWEEP GRID_APPLYECEDGE W Other

I
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Profile Snapshot Views

* Percentage
breakdown

IBIEIE]]

AU: ParaProf: Snapshots for n,c,t 0,0,0
File Filter Windows PySaipt Help

|Tup 20 || Square ” Differential || Timeline| ‘Stacked ‘v| ‘Time |v|Echusive ‘v|

Snapshot Breakdown

700,000
§50,000
500,000
550,000
500,000
450,000
400,000
350,000

300,000

Exclusive (microseconds)

250,000
200,000
150,000
100,000

50,000

0

] 10 11 1z 13 14
Timeline (seconds)

B MPI_Barrierd B GRID_GETSINGLECELLVOL M INTRFC MPI_Allreduced © HY_BLOCK B RIEMAN MPI_Ssendd © HYDRO_1D MSTATES
W EQS_WRAPPED M GRID_GETDELTAS ™ AMR_GUARDCELL © MPI_Ecast0 M GRID_APPLYBCEDGEALLUNKVARS M MPI_Recv) M MAFL
M MPI_Waitall0 B TIMERS_STOPINDEX HY_SWEEF GRID_APFLYBCEDGE M Other

TAU: ParaProf: Snapshots for n,e.t 0,0,
File Filter Windows PyScript Help

Top 20 ”Square H Differential || Timeline| [stacked [v| [Time [+ [Exciusive percem [+ |

Snapshot Breakdown

T
100
a5
a0
85
80
75
70
65
60
55
50
45
40
35
30
25
20
15
10

Exclusive percent (%)

9 10 11 12 13 14 15 16 17 18 19 20
Timeline (seconds)

21 22

B MPI_Barrier) B GRID_GETSINGLECELLVOL M INTRFC MPI_Allreduced = HY_BLOCK B RIEMAN MPI_Ssend
W EQS_WRAPPED M GRID_GETDELTAS ™ AMR_GUARDCELL ® MPI_Ecastd M GRID_APPLYBCEDGEALLUNKVARS M MAPL

HYDRO_1D MSTATES
W MPI_Waitall)

M TIMERS_STOFINDEX M HY_SWEEP GRID_APPLYBCEDGE AMR_LELK_GUARDCELL SRL M Other
L

11th VI-HPS Tuning Workshop, 22-25 April 2013, MdS, Saclay

83




Snapshot Replay in ParaProf

TAU: ParaProf: Snapshot Controller: E"EHE

Snapshot 80
I 1

L 1 I ]

Mame: Iteration 80
Time Position: 9 Seconds

[ ] Replay [} ]

TAU: ParaProf: n,e.t0,0,0 - flashd.xml
File Options Windows Help

All windows dynamically update

[2]m][=]

Metric: Time
Value: Exclusive
Units: seconds

0.666 |

MPI_Barrierd

0,45 L (e GRID_GETSINGLECELLYOL
MPI_Allreduced

INTRFC

H _BLOCK,

MPI_5send(

FIEM AN

SIMULATIOM_IMITBLOCE,
H¥DRO_1D

STATES

EQS_WRAPPED

GRID_APPLYECED CEALLUMKY ARS
SIM_FIMD

GRID_GETDELT A%

MPI_Facw)

LOCFILE_CLOSE

MAPL

GREID_APPLYBCEDCE
I0_WRITEINTECEALGUANTITIES
AME_GUARDCELL
GRE_AME_DUMP_REUNTIME_PARAMET ERS
MPI_Waitall)
TIMERS_STCPIMDEX
GREID_PUTPOINTDAT A

H¥ _=WEEP

AME_BLOCK _GEQMETEY
AME_1BLE_GUARDCELL _SEL
TIMERS _STARTINDER
TMRE_STACKLISTINDEX

[ T»

FOS

[*]

[4]

=l

TAU: ParaProf: Snapshot Controller: E"EHE

Snapshot 154

Mame: final
Time Position: 24 Seconds

[ ] Replay [} ]

TAU: ParaProf: n,e.t0,0,0 - flashd.xml
File Options Windows Help

Metric: Time
Value: Exclusive
Units: seconds

1.562 [

eoy——————————— |
1272 el
1.258 |

1217
1112

0.821
osoe [ ]
0.802
oFrr [ ]
o652 ]
0.573
048z [ |
0.468

0.428
0.284
. 0.269
0.365
0264
0.243
0.245
0322
0.322
0.3217
0.291
0.277
0.271

(AN

Tl

0.254

MPI_Barrierd
GRID_GETSIMGLECELLY DL
INTRFC

H _BLOCK,
MPI_Allreduced

FIEM AN

HYDREO_1D

MPI_Ssend(

STATES

EQS_WRAPPED
GRID_GETDELT A%

A E_GUARDCELL
GRID_APPLYECED CEALLUMEY ARS
MPI_Facw)

MAPL

IO WRITEINTECEALGUANTITIES
LOCFILE_CLOSE

MPI_Waitall(

TIMERS ST CORINDEX

Hv _SWEEP

GRID_APPLYBCEDCE
SIMULATICR_IMITBLOCE,

A F_1BLE_GUARDCELL_SEL
AME_BLOCK _GEQMETEY
TIMERS _STARTINDEX

A E_FLUY _COMSERYE
MORETOM_MUMBEF.
TMRE_STACKLISTINDEX
EQS

[ T»

[*]




PerfExplorer — Runtime Breakdown

onon % TAU/PerfExplorer: Total Runtime Breakdown

File Help

Percentage of Total Runtime

Total Runtime Breakdown for S3D (Jaguar, ORNL):Harness Scaling Study:
GET_TIME_OF_DAY

100

20

80

70

MP|_Waitall

60

50
40
30
20

10

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000 11,000 12,0(
Number of Processors

B DERIVATIVE_X_COMM [{derivative_x.pp.f90}{53,14}] M Loop: CHEMKIN_M::REACTION_RATE_BOUNDS [{chemkin_m.pp.f90}{374,3}-{386,7]]
" Loop: DERIVATIVE_X_CALC [{derivative_x.pp.f90}{432,10}-{441,15}] Loop: DERIVATIVE_X_CALC [{derivative _x.pp.f90}{566,19}-{589,24]]

M Loop: RHSF [[rhsf.pp.f90}{537,31-{543,16]] M Loop: RHSF [{rhsf.pp.f90} {545,31-{551,16]]
W Loop: THERMCHEM _M::CALC_INV_AVG_MOL_WT [{thermchem_m.pp.f901{127,5}-{129,9]]

M Loop: THERMCHEM _M::CALC_TEMP [{thermchem_m.pp.f90}{175,5}-{216,9]]

W Loop: TRANSPORT_M::COMPUTECOEFFICIENTS [{mixavg_transport_m.pp.f90}{492,5}-{520,9}]

M Loop: TRANSPORT_M::COMPUTEHEATFLUX [{mixavg_transport_m.pp.f90}{782,51-{790,19]]

M Loop: TRANSPORT_M::COMPUTESPECIESDIFFFLUX [[mixavg_transport_m.pp.f90}{630,51-{656, 19]]

M Loop: VARIABLES_M::GET_MASS_FRAC [{variables_m.pp.f90}{96,3}-{99,7]] MPI_Comm_compare( MPI_Wait()

I READWRITE_SAVEFILE_DATA [{io.pp.f90} {544,147} RHSF [{rhsf.pp.f901{1,121] WRITE_SAVEFILE [{io.pp.f90}{240,14}] M other

Loop: DERIVATIVE_Y_CALC [[derivative_y.pp.f90}{431,10}-{440,15}] M Loop: DERIVATIVE_Z_CALC [{derivative_z.pp.f90} {435,10}-{444,15}]
Loop: INTEGRATE [{integrate_erk.pp.f90}{73,3}-{93,13]] Loop: RHSF [{rhsf.pp.f90}{209,3}-{211,7})] M Loop: RHSF [irhsf.pp.f90}{515,31-{535,16]]

Loop: THERMCHEM_M::CALC_SPECENTH_ALLPTS [{thermchem_m.pp.f90}{506,3}-{512,8}]




PerfExplorer — Relative Comparisons

* Total execution time

* Timesteps per second

* Relative efficiency

* Relative efficiency per event
* Relative speedup

* Relative speedup per event

Total Time Breakdown for GTC_s on XT3

8e0e TAU/PerfExplorer: Distributions of Significant Eve

* Group fraction of total
* Runtime breakdown

* Correlate events with total runtin..
* Relative efficiency per phase
* Relative speedup per phase

TAU/PerfExplorer: Slgmt"cant (>2.0% of runtlme] Event Histograms

hl.: . .\....\\

* Distribution visualizations
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PerfExplorer — Correlation Analysis

aee PerfExplorer Client
File Analysis Views Charts Visualization Help
Performance Data | @ Analysis Management @ Cluster Results @ Correlation Results |
I Database Profiles
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PerfExplorer — Correlation Analysis

* -0.995 indicates strong, negative relationship

* As CALC CUT _
BLOCK CONTRIBUTIONS() Increases In executlon
time, MPI_Barrier() decreases *

Correlation Results: r = -0.9953962923235117

1.00
0.95
0.90
.85
0.80
0.75
0.70
0.65
~ 060
B 055
,E 0.50
T 04s
= p.0
0.35
0.30
0.25
0.20
0.15
0.10
0.05

0.00 - ! - v - ' . : -
0.0 01 0.2 0.3 0.4 0.5 0.6 L) 0.8 048 1.0

CALC_CUT_BLOCK_CONTRIBUTIONS

M FLASH_2.5_hydro_radiation:LLNL_UBGL:0084.Time M Fitled Linear Regression Line ‘

M Fitted Power Regression Line
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PerfExplorer — Cluster Analysis

e®O0e PerfExplorer Client
File Analysis Views Charts Visualization Help
¥ |7 Database Profiles :. " @ Analysis Management @ Cluster Results « @ Correlation Results |
B |0 AVUS
» [ 7 BigScience (] w0 || 100§ [ [| a 10000 || @ 10,000 o 1wo00 | [T
. e o [ ; R
| =y | I B
» [ FLASH_2.5_hydro_radiation :'zz \. 5 |
B | LAMMPS (Large-scale Atomic Molecula i - | : | [ ll . II
0.00 ——m | | 1 1 1
b [} Miranda 00 05 10 | [ ! | !
| ! A PDP 1
. 1.00 |
> | | SHAMRC i S "_ : e st L B S
> [ SMG2000 | e, - ofin d d
b [ 1 SPhot d | 0.25 “ | 1] "l |
» |} Uintah ; [ [ [
: 2 000 +——= | 2 2 2
) WRF L - I 00 05 1.0 || | lI .. ll
P |8 bacc_app \ \ y Y
> gyro.B1-std 0 50 100 1.00 [ Q 10,000 a 10,000 0 10,000
- .Bl- [ + = e | | - } - . ! -
5 o | 0751 % || | ol o o
> 0.B2- ' : '
-l 2 - 0.25 ] | 2mm 2 4
| | gyro.B2-cy.HPM - 0.00 — | o = -.. I 5 .. 3 ..
B | gyro.B3-gtc 00 05 1.0 f f
[ B3-grc.HPM 1
i . g:lr:;H gie 0 25 50 75(| 1.00 P (| o 10,000 0 10000 0 10,000
s o [— 0751 %y o mm o o
¥ ¥ Frost | osn{ "m (I 1IN 11N 1 N
¥ 7 16.16 2 a.zs[ = || 2w [l 2m- 2=
> @ P_WALL_CLOCK_TIME 7 000 b | . iB= =: - == p—
= @ PAPI_FP_INS — 00 05 1.0 | | [ I n
> @ PAPLINT_INS 0 25 50 75| 100 [l « woon || o 1000 || 0 10,000
» @ PAPLTOT_CYC S 07| % s | — e
> @ PAPI_TOT_IIS 1. 050l % (| = 1 mm 1 -
? o [l 2 mm 2mm 2 -
> @ PAPLTOT_INS " 3 — 0.25 \‘ | amm 3 miw 3 W
- i ; 4 — o (| 4 mm (| 4 mu 4 mw -
| _;, socorro_Si256_input i 5 0 anﬂm | s - 5 W 5 a
| B L8 Views v " . — / / v

| = - 14 |p P



/
PerfExplorer — Cluster Analysis \\_/J 5 _;"J _F)Sj

* Four significant events automatically selected
* Clusters and correlations are visible
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PerfExplorer — Performance Regression

TAU: PerfExplorer Client

¥ Performance Data

| jdbc:mysqgl:/ fwww.paratools.com:3306/paratool_tau
| jdbecimysgl:/Jicl.cs.utk.edu:3306/perfdmf

v

>
>

‘@ Analysis Management

@ Custom Charts -

@ Cluster Results @ Correlation Results

( Main Onlv) ( Call Paths ) ( Log ¥ ) ( Scalabiliw) ( Efficiencvj ( Strong Scaling ) ( Horizontal )

N

Jdbomysql:/ jwww.nic.uoregon.edu:3306 /Flash_Regression_production Chart Title:
¥ | Portal
F [ April 2007 Series Name/Value:
| August 2007 "interval_event.name :)
b July 2007 s
> . jUY 2007 X Axis Value:
| June — =
b [ March 2007 trial. {(ML_LMETADATA 5
» | May 2007 X Axis Name:
¥ | October 2007
» | 2007-10-12 Y Axis Value:
> | 2007-10-12 ' mean.exclusive = ]
b 2007-10-01 Y Axis Name:
b 2007-10-02
b 2007-10-03 Dimension reduction:
» | 2007-10-04 ~ | Over X Percent )
| 2007-10-05 Cutoff (0<x<100):
> 2007-10-06 3
> 2007-10-07 Metric:
> | 2007-10-08 "Time )
> 2007-10-09 Units:
> [ 2007-10-10 : LEs: =
» [ 2007-10-11 SEuanCS s
> | 2007-10-13 _ Event:
» | 2007-10-14 All Events )
> | September 2007 XML Field:
| Views "UTC Time ]
( Apply )
(" Reset )
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Mean Time - seconds

Time
— e —
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1
%\ > <~
— P — - e -
20... 20... 20... 20... 20... 20... 20... 20... 20... 20... 20... 20... 20... 20..
UTC Time

® [0S WRAPPED [{Ecs_wrapped.F90: {82,1}-{267 26}
4 GRID_GETSINGLECELLVOL [{Grid_getSingleCellVol.F

HY_BLOCK [hy_block.FS0:H{111,1:-{70%,23}
< RIEMAN [[rieman.Fo0} {90,1:-{480,21}1

® CRID_GETDELTAS [{Grid_getDeltas F30}{24,1:-{38,28}]

HE2,1-{137,36]  HYDRO_1D [{hydro_1d.F30}{155,1}-{664,25]

¥ INTRFC [{intrfcF80:{111,3-1338,218 - MPI_Allreducel = MPI_Barrier) * MPI_Ssend()
B STATES [{states.FS0H{107,1}-{625,21}
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Usage Scenarios: Evaluate Scalability

* Goal: How does my application scale? \What
bottlenecks at what CPU counts?

* Load profiles in PerfDMF database and examine with

PerfExplorer

¥| TAU/PerfExplorer: Relative Speedup

X! TAU/PerfExplorer: Total Runtime Breakdown

File

Value

Help

Relative Speedup - S3D (Jaguar, ORNL):Harness Scaling Study:
GET_TIME_OF_DAY

12,000
11,000
10,000
9,000
8,000
7,000
6,000
5,000
4,000
3,000
2,000

1,000

0

] 1,000 2,000 3,000 4,000 5000 6,000 7,000

Mumber of Processors

8,000 9,000 10,000 11,000 12,000

® Harness Scaling Study ideal |
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File Help

Total Runtime Breakdown for S3D (Jaguar, ORNL):Harness Scaling Study:
GET_TIME_OF_DAY

S
3

©
S

®
3

N
S

6f

Percentage of Total Runtime
@

1,000

2,000 3,000 4,000 5,000 6,000 7,000

Number of Processors

8,000 9,000 10,000 11,000 12,0¢

B DERIVATIVE_X_COMM [{derivative_x.pp.f90} (53,141 M Loop: CHEMKIN_M::REACTION_RATE_BOUNDS [{chemkin_m.pp.f90} (374,31~(386,7]]

M Loop: DERIVATIVE_X_CALC [{derivative_x.pp.fo0} {432,10}-{441,15]] ~ Loop: DERIVATIVE_X_CALC [(derivative_x.pp.f90} (566, 19}-{589,24]]
Loop: DERIVATIVE_Y_CALC [{derivative_y.pp.fo0} {43 1,10}-{440,15}]] M Loop: DERIVATIVE_Z_CALC [{derivative_z.pp.f90} {435, 10}-{444,15}]
Loop: INTEGRATE [fintegrate_erk.pp.f90} {73,31-{93,13]] " Loop: RHSF [{rhsf.pp.f90} {209,31-{211,7}] M Loop: RHSF [irhsf.pp.f90} {515,3}-{535, 161

M Loop: RHSF [{rhsf.pp.f90) (537,31-(543,16]] M Loop: RHSF [irhsf.pp.f90} {545,3)-(551,16]

M Loop: THERMCHEM_M::CALC_INV_AVG_MOL_WT [{thermchem_m.pp.f90} {127,51-(129,9)]
Loop: THERMCHEM_M:: CALC_SPECENTH_ALLPTS [ithermchem_m.pp.f90} (506,3)-(512,8}]

M Loop: THERMCHEM_M::CALC_TEMP [ithermchem_m.pp.f90} [175,5)~(2 16,91

¥ Loop: TRANSPORT_M::COMPUTECOEFFICIENTS [(mixavg_transport_m.pp.fo0} [492,5)-(520,9)1

B Loop: TRANSPORT_M::COMPUTEHEATFLUX [{mixavg_transport_m.pp.f90} {782,51-(790,19}]

M Loop: TRANSPORT_M::COMPUTESPECIESDIFFFLUX [{mixavg _transport_m.pp.f90} (630,5]-(656, 19]]

M Loop: VARIABLES_M::GET_MASS_FRAC [{variables_m.pp.f90}{96,3)-(99,7}] ' MPI_Comm_compare0 ~ MPI_Wait0

™ READWRITE_SAVEFILE_DATA [{io.pp.f90} {544, 14]] " RHSF [irhsf.pp.f90}{1,12]] ' WRITE_SAVEFILE [{io.pp.f90) (240,14]] M other
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Usage Scenarios: Evaluate Scalability

800 TAU/PerfExplorer: Total LINUX_TIMERS
Total LINUX_TIMERS Bar Chart for S3D Jaguar CNL:Scaling

LINUX_TIMERS

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850
1 1
. ~
64 al
§ i
v B
g s12
-
[-% .
's -
Euzs R
E ==
3 ~
4096 |
6400 |
-
8000 [ |
2=

M DERIVATIVE_X_COMM M DERIVATIVE_Y_COMM & Loop: CHEMKIN_M::REACTION_RATE_VEC [{chemkin_m.pp.f50} {457,3}-{471,8}]
Loop: DERIVATIVE_X_CALC [{derivative_x.pp.fo0} {432,10}-{441,15}] ™ Loop: DERIVATIVE_Y_CALC [{derivative_y.pp.f90} {431,10}-{440,15}]
Loop: DERIVATIVE_Z_CALC [{derivative_z.pp.fa0} {435,10}-{444,15}] " Loop: INTEGRATE [{integrate_erk.pp.fo0} {73,3}-{93,13}] ™ Loop: RHSF [{rhsf.pp.f90} {209,3}-{211,7}]
W Loop: RHSF [{rhsf.pp.fo0} {515,3}-{535,16}] M Loop: RHSF [{rhsf.pp.f30} {537,3}-{543,16}] M Loop: RHSF [{rhsf.pp.f90} {545,3}-{551,16}]
Loop: THERMCHEM_M::CALC INV_AVG_MOL_WT [{thermchem_m.pp.fa0} {127,5}-{129,9}] M Loop: THERMCHEM_M::CALC_TEMP [{thermchem_m.pp.f30} {175,5}-{216,9}]
M Loop: TRANSPORT_M::COMPUTECOEFFICIENTS [{mixavg_transport_m.pp.f90} {492,5}-{520,9}]
B Loop: TRANSPORT_M::COMPUTEHEATFLUX [{mixavg_transport_m.pp.f90} {782,5}-{790,19}]
B Loop: TRANSPORT_M::COMPUTESPECIESDIFFFLUX [{mixavg_transport_m.pp.f90} {630,5}-{656,19}] M Loop: VARIABLES_M::GET_MASS_FRAC [{variables_m.pp.f90} {96,3}-{99,7}]
MPI_Barrier() ~ MPI_Isend() ™ MPI_Wait() © RHSF © other
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Performance Regression Testing

70 1

Exclusive Time (seconds)

Date

& int maindint, char **) - std:vector<double, std:;allocator<double= = FcCoreCelllpdate. ..
=+ void FcTmCoreFluxCalc computeFluxes() -+ MPI_Recw)

cdouble FcDatadssimilator:: getValue{const std:;string &, cons. . MPI_Init()
= FrHATS Tmpl< DATATYPE= swriteDataset

vioid FcDatadssimilatorUfiles:: parselfiles(const std:vector=. ..

void FcllpdaterComponent::dumpToFile(const std: string &) con... -« other
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Evaluate Scalability using PerfExplorer Charts

$ export TAU MAKEFILE=<taudir>/<arch>
/lib/Makefile.tau-mpi-pdt

% export PATH=<taudir>/<arch>/bin:$PATH
% make F90=tau f90.sh

(Or edit Makefile and change F90=tau £90.sh)
% gsub runlp.job

% paraprof --pack 1lp.ppk

% gsub run2p.job ..

% paraprof --pack 2p.ppk .. and so on.
On your client:

% taudb configure -create-default

% perfexplorer configure

(Yes to load schema, defaults)

% paraprof

(load each trial: DB -> Add Trial -> Type (Paraprof Packed
Profile) -> OK, OR use taudb loadtrial on the commandline)

% perfexplorer
(Charts -> Speedup)




Other Projects in TAU

* TAU Portal
— Support collaborative performance study
* Kernel-level system measurements (KTAU)

— Application to OS noise analysis and |/O system
analysis

TAU performance monitoring

— TAUoverSupermon and TAUoverMRNet
PerfExplorer integration and expert-based analysis
— OpenUH compiler optimizations

— Computational quality of service in CCA

Eclipse CDT and PTP integration

* Performance tools integration (NSF POINT
project)
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A-HPS

US Department of Energy (DOE)

\ . ’ Office of
— Office of Science contracts AC{

Science
— SciDAC, LBL contracts ESumetion
— LLNL-LANL-SNL ASC/NNSA contract
— Battelle, PNNL contract Pacific No:.’f:

NATIONAL LABORATORY

— ANL, ORNL contract

Department of Defense (DoD)
— PETTT, HPTi

National Science Foundation (NSF)
— SDCI, SI-2

University of Oregon ...

OF ORE iGON

ParaTools, Inc. Paratools - § e

University of Tennessee, Knoxville
— Dr. Shirley Moore @Eﬂ%ﬂ% H

T.U. Dresden. GWT m:UNIVERSITYo TENNESSEE |0F DRESDEN
— Dr. Wolfgang Nagel and Dr. Andreas Knupfer

Research Centre Juelich A

— Dr. Bernd Mohr, Dr. Felix Wolf . Alam

Dr. Markus Geimer, Dr. Brian Wé(lie NATIONAL LABORATORY
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For more information

* TAU Website:
http://tau.uoregon.edu
— Software
— Release notes
— Documentation
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